An anthropometric analysis of 200 adult patients was performed to provide better guidance in catheter selection and placement. Height, weight, various abdominal wall measurements, and gender effects were analyzed. Suitability of Tenckhoff catheters with straight and preformed bends in the intercuff segment was evaluated regarding ability to produce deep pelvic position of the catheter tip and ideal exit site location. Conflicts with belt line and with skin creases and folds were recorded. Results showed that abdominal wall measurements varied widely by height and weight. Swan neck catheters with a downwardly directed external limb and exit site were significantly better suited for females (62% versus 27%, p < 0.0001). Tenckhoff catheters with straight intercuff segments with a laterally directed tunnel tract and exit site were significantly better matched to males (78% versus 30%, p < 0.0001). Neither catheter was suitable in 25% of subjects, emphasizing the need for an extended catheter system capable of remotely locating the exit site to the upper abdomen or chest without compromising pelvic position of the catheter tip. Appropriate preoperative evaluation with selection of the best suited catheter should replace the substandard practice of using a pet catheter to fit all patients and rigidly placing the insertion incision at a set location irrespective of body habitus. ASAIO Journal 2005; 51:743-747.
The most appropriate peritoneal dialysis catheter for the patient is the one that produces the best balance among deep pelvic position of the catheter tip, an exit site easily manageable to the patient, and a course through the abdominal wall with the least amount of tubing stress. Deep pelvic position of the catheter tip places the drainage side holes beyond the reach of the omentum in most instances and assures good hydraulic function. 1 The exit site must be easily visible to the patient and avoid irritation produced by the belt line, skin creases, and mobile skin folds. [2] [3] [4] Implanting the catheter under excessive stress should be avoided so that tube straightening from resiliency forces does not cause superficial cuff mi-gration towards the exit site resulting in cuff infection and extrusion. 5 In addition, undue tubing stress can lead to catheter tip migration out of the pelvis into a position of poor drainage function. 5 One of the problems associated with creating successful long-term peritoneal access begins with the faulty practice of attempting to use one catheter type to fit all patients and using a surgical insertion site that is rigidly linked to an anatomical landmark, such as the umbilicus 6 -8 or the level of the anterior superior iliac spines. 7 As a consequence, one or more of the elements determining best balance in catheter placement are ignored. With exception of pericatheter leaks and hernias, most technique-related complications of catheter insertion can be linked to disregarding one of these factors. Analysis of large incident cohorts of peritoneal dialysis patients in the United States shows that 21% of technique failures occurring during the first year and 15% in the second year are specifically caused by catheter-related problems. 9 To provide better guidance in catheter selection and placement, an anthropometric analysis of an adult population was performed.
Materials and Methods
Adults aged 18 years and older who presented for elective abdominal surgery were approached to participate in the study. The institutional review board approved the study and informed consent was obtained from all participants. Subjects were excluded from participation if significant abdominal deformities existed from scars, hernias, pathological processes producing abdominal distention, or kyphosis. The study was completed when the measurements for 200 adults (100 males and 100 females) were obtained.
Measurements included height, weight, belt line width (including waistband of undergarment), and distance of belt line above pubis. Interlandmark measurements included distances between xiphoid tip to upper border of pubic symphysis, center of umbilicus from upper border of pubic symphysis, and level of the anterior superior iliac spines above the upper border of the pubic symphysis (Figure 1) . All abdominal wall measurements were made with the subject lying flat. Distance measurements were performed with transfer calipers (Firm-Joint Caliper, L.S. Starrett Co., Athol, MA) to avoid potential errors created by abdominal wall contours. Body mass index (BMI) was calculated as weight (kg) divided by height (m 2 ).
Study subjects were evaluated for the appropriateness of two standard peritoneal dialysis catheters that comprise the mainstay of peritoneal access (Figure 2) . 10 In accordance with guidelines recommended by the International Society of Peritoneal Dialysis, only lateral and downward-facing catheter exit sites were assessed. 11 A lateral tunnel tract and exit-site direction was used for the two-cuff, straight intercuff segment Tenckhoff catheter because it could be implanted through the abdominal wall with minimal tubing stress and negligible risk of superficial cuff extrusion. 12 The configuration of the subcutaneous tunnel tract of the straight intercuff segment catheter was determined by a previously validated design algorithm. 13 The superficial cuff was positioned 4 cm from the exit site to compensate for the potential of tube straightening. A downward-directed exit site was created using a two-cuff catheter with a preformed swan neck bend in the intercuff segment with the superficial cuff located 3 cm from the exit site.
The insertion site of the catheters, which coincides with the deep cuff location, was determined by aligning the upper border of the catheter coil with the upper border of the pubic symphysis and marking the upper border of the deep cuff in the paramedian plane 3 cm lateral of midline. The pubic symphysis has been recommended as a reliable landmark for ideal location of the catheter tip in the true pelvis 1 and confirmed laparoscopically. 12 Accuracy and reproducibility of determining insertion site, tunnel tract configuration, and exit site location was achieved by cutting marking stencils for the two catheter types ( Figure  3) . The dimensions of the stencil were such that by aligning the lower border of the stencil with the upper border of the pubic symphysis and the medial border of the stencil with the midline of the abdomen, the insertion site, tunnel tract shape, and exit site location could be precisely replicated on the abdominal wall. For purposes of the study, only the exit site location for each type of catheter was marked on the skin. Study subjects were examined fully dressed to mark the belt line location. Abdominal wall measurements and stencil marking were performed with subjects lying flat. Subjects were then examined in the sitting position to determine if the two catheter types produced an exit site location that was free of the belt line, skin creases, blindside of a skin fold, or the ridge of an abdominal pannus. An abdominal pannus was defined as any skin fold that overlapped and came in contact with the skin below the fold. The range of the abdominal pannus was taken as the floppy skin fold that could be easily pinched between the examining fingers.
Fisher's exact test was used to compare nominal data and the t test to compare continuous data. Pearson partial correlation was used to determine the correlation between gross body measurements and interlandmark measurements adjusting for gender. Statistical significance was accepted at p Ͻ 0.05.
Results
Study population characteristics are summarized in Table 1 . Although males were significantly taller and heavier than females, there was no difference in their BMI. Correlations between selected anthropometric measurements are shown in Table 2 . Partial correlation coefficients are tabulated for the group as a whole with adjustments for gender. The straight distance from xiphoid to pubis (not skin contour) ranged 22 to 43 cm and was directly correlated to height, weight, and BMI. Distance of umbilicus above pubis (recumbent posture) ranged from -3 to 18.3 cm and was directly correlated with height and inversely correlated with weight and BMI. The negative value indicates an umbilical orifice on an overlapping abdominal pannus that was below the level of the pubic symphysis. The distance of the level of the anterior superior iliac spines above the upper border of the pubic symphysis ranged from 2 to 11 cm and was directly correlated with height and inversely correlated with BMI, but did not correlate with weight.
The relative frequency distribution of the measured distances between the umbilicus and the upper border of the pubic symphysis for the study population is shown in Figure 4 . The relative frequency distribution of the measured distances between the level of the anterior superior iliac spines and the pubic symphysis is depicted in Figure 5 .
Average belt line width was significantly wider for males (3.5 Ϯ 0.8 cm) than females (3.0 Ϯ 0.9 cm) (t test, p Ͻ 0.0001). The belt line was located below the umbilicus in 86% of males and above the umbilicus in 70% of females (Fisher's exact test, p Ͻ 0.0001).
The most appropriate catheter type significantly varied by gender and is summarized in Table 3 . Swan neck catheters with a downwardly directed external limb and exit site were significantly better suited for female subjects (62% vs. 27%, Fisher's exact test, p Ͻ 0.0001). Tenckhoff catheters with straight intercuff segments configured with a laterally directed tunnel tract and exit site were significantly better matched to male subjects (78% vs. 30%, Fisher's exact test, p Ͻ 0.0001). Neither of the catheter designs was fitting for 33% of females and 16% of males, the lack of suitability being significantly more common for females (Fisher's exact test, p ϭ 0.008).
The parameters that influenced catheter choice significantly varied by gender and are summarized in Table 4 . Compared with other determinants, the combined effect of both skin creases/folds and belt line was more significant in females (41% vs. 17%, Fisher's exact test, p ϭ 0.0003). Belt line alone compared with other conflicts was more significant in males (26% vs. 8%, Fisher's exact test, p ϭ 0.001). However, the sum total of individual and combined effects of skin creases/folds and belt line was not significantly different between males and females (79% vs. 75%, Fisher's exact test, p ϭ 0.6).
In the 49 individuals (33 females, 16 males) that comprised 24.5% of the group as a whole in whom neither abdominal catheter was suitable, skin creases or folds were a contributing factor in 100% of the cases. Belt line was an additional factor in 47% of these subjects. Stratified by BMI, Figure 6 shows the percent of subjects that were unsatisfactory anthropometric matches for standard abdominal catheters. The greater the BMI, the more unlikely it was that either abdominal catheter could achieve a satisfactory exit site.
Discussion
The success of the dialysis catheter implantation procedure to provide durable long-term access to the peritoneal cavity requires consideration of multiple factors, some intuitively obvious but frequently ignored. People come in all sizes and shapes. Few would accept a significant article of clothing off-the-shelf without confirming a proper fit. Yet, a single dialysis catheter type, which constitutes a lifeline, is often forced to fit all patients without the benefit of preoperative evaluation. As a result, the patient is frequently deprived of the opportunity of being matched with a device that is the best fit for their particular body habitus.
Focusing on one aspect of the implantation technique, while overlooking other important elements, potentially sacrifices the viability of a long-term peritoneal access. Inserting the catheter at a fixed site relative to the umbilicus or iliac spines while disregarding catheter dimensions and true pelvic position of the catheter tip can yield catheter obstruction rates as high as 50%. 14 In addition, fixed insertion sites that do not consider the range of reachable exit sites can result in catheters emerging from the belt line, within a skin crease, on the apex of a mobile abdominal pannus, or at a location poorly visible to the patient. [2] [3] [4] Discounting the effects of catheter resiliency by forcing straight tubing into an excessively arcuate configuration to create a downwardly directed external catheter limb can lead to upward migration of the internal segment or extrusion of the superficial cuff. 5 Any of these complications may lead to loss of the catheter, patient dissatisfaction with the modality, and transfer to hemodialysis. 9 The anthropometric analysis of the present report demon-strates that anatomical landmarks (e.g., umbilicus and level of the anterior superior iliac spines) traditionally used to reference peritoneal dialysis catheter insertion sites are highly variable in their relationship to the brim of the true pelvis and, therefore, unreliable. Attempts to visually adjust the insertion site relative to one of these anatomical references to compensate for perceived deviations in body habitus frequently contributes additional variance in optimal catheter placement. If the goal of the implantation procedure is to position the catheter coil in the most dependent portion of the peritoneal cavity, then the most reliable landmark is the pubic symphysis, the upper border representing the anatomical brim of the true pelvis.
Catheter selection begins with determination of the insertion site. The abdominal wall insertion site, which coincides with the deep cuff location, will decide the balance between pelvic position of catheter tip and exit site location. For each style and size of catheter, the insertion site is established by noting deep cuff position when the upper border of the catheter coil is aligned with the upper border of the pubic symphysis. Once the insertion site and deep cuff location are determined for catheters with a preformed bend, planning the tunnel tract configuration and exit site becomes simple. The course of the preformed bend of the tubing must be precisely followed. If the shape of the catheter is not respected, then the purpose of having the preformed bend is defeated. For catheters with a preformed bend, the exit site is selected 2 to 3 cm external to the superficial cuff in line with the catheter limb. Catheters with straight intercuff segments are best restricted to situations in which physical characteristics of the patient dictate the need for a laterally directed exit site. With proper fixation of the deep cuff in the rectus sheath and positioning the superficial cuff 4 cm from the exit site, there is negligible risk for complications arising from shape memory effects. 13 Options for small and large patients can be further increased by inclusion of devices with several different intraperitoneal lengths into the available catheter inventory. Using the above techniques, exit sites of available catheters are marked on the patient in the flat operative position. The patient is examined in the sitting or standing position to determine which catheter types produced satisfactory exit sites easily visible to the patient that do not conflict with the belt line or with skin creases or folds. If none of the abdominal catheters in supply are capable of producing a satisfactory exit site, then the patient is best served with an extended catheter system capable of remotely locating the exit site to the upper abdomen or chest region without sacrificing proper deep pelvic location of the intraperitoneal tip. [15] [16] [17] The use of plastic stencils that incorporate the dimensions of available catheters greatly simplifies the process of catheter selection. 13 A sterile version of the selected catheter stencil is used in the operating room to mark the patient at the time of the implantation procedure.
The present study found that subjects with belt lines above the umbilicus, typically females, were most frequently matched with a catheter with a preformed bend that produced a downwardly directed exit site. Belt line locations below the umbilicus, typically males, were more often candidates for a catheter with a straight intercuff segment that was bent to produce a laterally directed exit site emerging above the level of the belt. Obesity was the most common determinant of lack of suitability for standard abdominal catheters. Obese subjects are logical candidates for extended catheters permitting remote exit site locations.
This anthropometric analysis emphasizes the need for a more scientific approach to catheter selection. It is hoped that through establishing a process of catheter selectology, durable long-term access to the peritoneal cavity can be achieved by better matching of catheter devices to the specific needs of the patient. Appropriate preoperative evaluation with selection of the best-suited catheter should replace the substandard practice of using a pet catheter to fit all patients and rigidly placing the insertion incision at a set location irrespective of body habitus. Stubborn adherence to the single-catheter philosophy is a common cause for catheter complications resulting from poor catheter tip position, excessive tubing stress, and unfavorable exit site location.
